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ABSTRACT

Background: High-intensity training has been associated with atrial remodelling and
arrhythmias in men. Our purpose was to analyze atrial performance in female endurance
athletes, compared to male athletes and controls.

Methods: This was a cross-sectional study. We included 4 groups: female atheletes,
females controls, male athletes and male controls. Left (LA) and right atrial (RA) volumes and
function were assessed using 2D and speckle-tracking echocardiography to determine peak
atrial strain-rate at atrial (SRa) and ventricular contraction (SRs), as surrogates of atrial
contractile and reservoir function, respectively. Anova and Bonferroni statistical tests were
used to compare variables among groups.

Results: We included 82 subjects, 39 women (19 endurance athletes, 20 controls) and 43
men (22 endurance athletes, 21 controls). Mean age was similar between groups (36.615.6
years). Athletes had larger bi-atrial volumes, compared to controls (women, LA 27.1 vs. 15.8
ml/m2, P<0.001; RA 22.31 vs. 14.2 ml/m2, P=0.009; men, LA: 25.0 vs. 18.5 ml/m2, p=0.003; RA
30.8 vs. 21.9 ml/m2, p<0.001) and lower strain-rate (women, LASRa -1.60 vs. -2.18s, P<0.001;
RASRa -1.89 vs. -2.38s, P=0.009; men, LASRa -1.21 vs. -1.44s, P=1; RASRa -1.44 vs. -1.60s?,
p=1). However, RA indexed size was lower and bi-atrial deformation greater in female athletes,
compared to male athletes.

Conclusions: The atria of both male and female athletes shows specific remodelling,
compared to sedentary subjects, with larger size and less deformation at rest, particularly for
the RA. Despite a similar extent of remodelling, the pattern in women had greater bi-atrial

myocardial deformation and smaller RA size.



Keywords: atrial strain, atrial fibrillation, endurance exercise, women, speckle-tracking

echocardiography.
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MAIN TEXT

INTRODUCTION

The practice of endurance sports is increasing in the general population, with growing
numbers of people training and participating in competitive races. High-intensity training has
been related to cardiac remodelling, resulting in so-called athlete’s heart (Stout, 2008), which
typically includes an increase in the size of all four cardiac chambers (Nagashima, Musha,
Takada, & Murayama, 2003; Pelliccia et al., 2005; Pelliccia, Maron, Spataro, Proschan, &
Spirito, 1991). Additionally, recent reports have shown a relationship between long-standing
endurance training and incidental atrial fibrillation (AF) (Jensen-Urstad, Bouvier, Saltin, &
Jensen-Urstad, 1998; Link, Homoud, Wang, & Estes, 2001; Mont et al., 2002). Atrial exercise-
induced remodelling has been classically described in terms of bi-atrial dilatation and normal
function (Brugger et al., 2014; Pelliccia et al., 2005). However, recent studies have shown
lower atrial deformation values in elite athletes (D'Ascenzi et al., 2015; Gabrielli et al., 2014).
Atrial remodelling is an important factor in the development and perpetuation of AF (Sitges et
al.,, 2007), as shown in the general population (Tsang et al., 2001). Likewise, in endurance
athletes, the incidence of AF has been related to increased vagal tone and atrial remodelling
(Wilhelm et al., 2011).

Atrial function can be readily studied with deformation (strain) imaging derived from
speckle-tracking echocardiography (Cameli et al., 2009; Mor-Avi et al., 2011), and recently was
succesfully applied for assessment of lelft atrial (LA) function in athletes (D’Ascenzi et al.,2014).
The presence of LA dysfunction, as determined by this imaging technique, has been related to
AF onset in general population (Tsai et al., 2009). As previously observed, the atria of athletes
function at lower strain, larger volumes, and higher atrial wall stress (D'Ascenzi et al., 2015;
Gabrielli et al., 2014); cardiac adaptation to exercise might promote the development of atrial

fibrosis and a favourable substrate for AF. Although some reports have described LA
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enlargement in female athletes (Pelliccia et al., 2005), scarce data are available on the atria
performance in female athletes.

Therefore, the aim of this study was to analyse atrial performance (both atria) in female
endurance athletes and to compare it with a cohort of sedentary women. As a secondary
objective, exercise-induced atrial remodelling in women was compared to that from a cohort

of male athletes and sedentary men.

METHODS

A cross-sectional, observational study was performed in 4 cohorts: female athletes,
female sedentary controls, male athletes and male sedentary controls. All study participants
were healthy, in sinus rhythm, with no cardiovascular comorbidities or other chronic diseases
and no chronic medication. Athletes were recruited by advertisements in local running clubs.
The inclusion criteria were at least 10 hours/week of intensive endurance exercise training for
at least the last 5 years and completion of at least 4 long distance-running competitions (half
ironman, ironman, ultra-trail race or marathon) during the last two years. Age-matched
sedentary controls were recruited from advertisements among hospital staff members. The
inclusion criterion for controls was participation in less than 3 hours weekly of regular
recreational activity (mild to moderate non competitive exercise).

All participants provided written informed consent before their inclusion. The study
complied with the declaration of Helsinki and was approved by the Ethics Committee of our

institution.
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Echocardiographic image acquisition

Two-dimensional echocardiography was performed in all subjects, after 20 min of rest and
at least 2 hours after a main meal, using a commercial ultrasound machine (Vivid Q, General
Electric, Milwaukee, WI, USA). Image acquisition and measurements of both atrial and
ventricular chambers were acquired following the current recommendations (Evangelista et
al., 2008; Kou et al., 2014; Lang et al.,, 2015). Left ventricle (LV) ejection fraction was
determined by the biplane Simpson method and LV mass was estimated using the Devereux
formula. Measurements were indexed by body surface area (Du Bois method). Pulsed Doppler
imaging was obtained of the mitral valve inflow (early and late mitral peak velocities [E, A],
deceleration time of E and A, E/A ratio). Left and right atrial (RA) volumes were measured at
the end of atrial diastole (Avd) and systole (Avs) on apical 4-chamber views (modified Simpson
method). Atrial ejection fraction was calculated as [(Avd-Avs)/Avd] x 100. Using commercially
available dedicated software (2D strain, EchoPAC™, GE Healthcare, Milwaukee, WI, USA),
atrial myocardial deformation was measured from 2D echocardiographic images, with frame
rates between 60 and 80 frames per second. In order to measure atrial function, the location
of the onset of the strain curve was set at the P wave on the ECG. LA and RA strain and strain-
rate profiles were quantified at different points of the cardiac cycle (using the ECG reference),
averaging values from 6 atrial segments in the 4-chamber view in order to comprehensively
assess atrial function: a-wave strain-rate (SRa), as a surrogate of atrial contractile function, s-
wave (SRs) and total strain (S), as a surrogate of atrial reservoir function, and e-wave (SRe), as

a surrogate of conduit function (Hoit, 2014).

Statistical Analysis
Variables are shown as mean # standard deviation or percentage, as appropriate. The x2
or Fisher test was used to compare categorical variables and Student t-test for independent

samples for quantitative variables. Anova and Bonferroni statistical tests were used to
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compare quantitative variables between more than two groups. A p-value below 0.05 (two
sided) was considered statistically significant. Data were processed with SPSS version 19 (IBM,

Armonk, NY).Reproducibility was expressed as intraclass correlation coefficient (ICC).

RESULTS

Demographics and clinical data

We included 82 subjects, 39 women (19 athletes and 20 controls) and 43 men (22 athletes
and 21 controls). Baseline characteristics of the population are listed in Table 1. Mean age
(36.615.6 years) was similar in all four groups. Women had significantly lower body mass index
and surface area, with no differences between controls and athletes; the sedentary male
group showed the highest values for both parameters, but the difference was not significant.
Blood pressure values at rest were within the normal limits for all groups, but were higher in
males and again did not differ between sedentary controls and athletes. As expected, heart

rate was lower in both male and female athletes, compared to controls.

Echocardiographic findings

Table 2 shows the left and right ventricular echocardiographic parameters in all groups. In
all subjects, LV ejection fraction and right ventricle fractional area were normal (mean 58+6%
and 4815%). LV wall thickness and LV diastolic diameter were larger in men, compared to
women, and within normal reference ranges with no differences between athletes and
controls. As expected, LV volumes were larger in the athletes groups, with no differences by
sex. RV size was also larger in athletes, and particularly in the group of male athletes. As a
result of lower A-values, both male and female athletes showed a higher E/A ratio compared

to controls.
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Table 3 depicts atrial size and function in all groups. Female athletes showed larger RA
and LA atrial volumes and lower atrial deformation, particularly for the RA. Indeed, all
reservoir (RAS, RASRs), conduction (RASRe) and contractile (RASRa) components were reduced
in female athletes, compared to sedentary women; in the LA, the only significant changes were
observed in contractile function, as depicted by lower LASRa.

Similarly in men, atrial volumes were larger and atrial deformation had lower values in
athletes compared to sedentary controls. Compared to women, however, both groups of men
showed lower atrial deformation values. Indexed LA volume did not differ between groups of
athletes or controls (women vs. men). In contrast, indexed RA volume was larger in male
athletes vs. female athletes and in male controls vs. female controls.

Figure 1 depicts the relationship between atrial size and deformation in athletes and
controls (both men and women). Athletes showed lower atrial deformation values (both
contractile [Figure 1A] and reservoir function [Figure 1B]) and larger atrial volumes. These
changes were slightly more pronounced in the RA (Figures 1C and 1D). Women (both athletes
and controls) exhibited similar LA size and higher left and right atrial deformation, compared
to men. However, RA size (even indexed) was greater in men (both athletes and controls) as

Compared to women.

Reproducibility of the strain measurements

Intra-observer and inter-observer intraclass correlations were performed in 10 patients
and for LAS and LASR were 0.96-0.95 and 0.91-0.91 during the reservoir phase and 0.93-0.92
and 0.90-0.91 during the contractile phase, respectively; for RAS and RASR, they were0.95-0.96
and 0.92-0.91 during the reservoir phase and 0.92-0.93 and 0.90-0.89 during the contractile

phase, respectively, and finally, 0.90-0.88 for RASR during the conduction phase.
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DISCUSSION

The current study provides a comprehensive evaluation of bi-atrial performance in male
and female athletes. The study has two key findings: a) Athletes have higher atrial volumes and
lower strain as compared to controls, especially for the RA. b) The extent of the exercise-
induced atrial remodelling was similar in men and women; however, RA size was smaller and
bi-atrial deformation higher in female athletes as compared to male athletes.

Previous studies in elite non-endurance athletes have described exercise-induced atrial
remodelling in terms of bi-atrial dilatation and lower atrial deformation (Pelliccia et al., 2005;
Stout, 2008, D’Ascenzi 2014). In our study, we confirmed these results in a cohort of highly —
trained endurance athletes but observed more pronounced changes in the RA. LA volume
showed no differences between female and male athletes but RA volume was significantly
larger in men. Regarding atrial strain, women showed higher strain and strain-rate values than
men (in both atria). LA contractile function (LASRa) was significantly lower in female athletes
as compared to sedentary females, but the LASRa values were still higher than those found in
the LA of male controls. For the RA, contractile, reservoir and conduit functions (RASRa, RASRs
and RASRe) were significantly decreased in female athletes as compared to female controls.
However, the RA strain and strain-rate values in female athletes were similar to those of male
controls and much higher than male athletes. These findings suggest that atrial remodelling,
although present, is less pronounced in female than in male athletes.

It is well known that endurance training requires marked increases in cardiac output
during long periods of time. This volume and pressure overload seems to particularly involve
the right cavities in terms of chamber dilatation and lower deformation (La Gerche et al.,
2012). Our study confirmed these observations, with more pronounced RA changes. Previous
reports have shown that endurance training induces atrial dilatation in endurance male
athletes (Mc Lean 2014; Wilhem 2011); the larger volume implies that they require less

deformation at rest and have a larger potential for contractile reserve when required during

9
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exercise (i.e. by increasing deformation); however, this potential benefit to atrial performance
is obtained at the cost of higher wall stress (Bijnens, Cikes, Butakoff, Sitges, & Crispi, 2012;
Gabrielli et al., 2014) that could potentially be a trigger for inducing myocardial atrial fibrosis.
On the other hand, the association of atrial enlargement (Akutsu et al.,, 2011; Tsang et al.,
2001), and particularly fibrosis (Marrouche et al., 2014), with the development of incidental AF
is well recognized. Additionally, exercise-induced atrial remodelling has a stronger impact on
the RA than on the LA. This is similar to what has been reported for the right and left ventricles
(La Gerche et al., 2012). During exercise, the RV wall stress increases much more than the LV
due to the observed increase in pulmonary artery pressure (La Gerche et al., 2011). Therefore,
remodelling in response to repetitive, chronic, endurance exercise is greater for the RV than
the LV and the same pattern of involvement is observed in the atria, where the RA seems to be
more extensively involved than the LA (Mc Lean 2014; Sanz-de la Garza 2016).

The findings of our study indicate an extent and characteristics of remodelling in the atria
of female athletes similar to that previously described in male athletes. However, even
indexed RA size was significantly larger and bi-atrial deformation values significantly lower in
male athletes, compared to female athletes. This finding suggests a potential for larger
contractile reserve (lower deformation values at rest with larger atrial size) in men, but on the
other hand could also also imply as a consequence more atrial wall stress and potentially a
more powerful trigger for fibrosis (Gabrielli et al., 2014).

In the general population, AF prevalence is lower in premenopausal women, as compared
to men(Feinberg, Blackshear, Laupacis, Kronmal, & Hart, 1995). Although we found a similar
exercise-induced cardiac remodelling in women and men, RA indexed size was lower and bi-
atrial deformation values higher in female athletes, compared to male athletes. As atrial
enlargement has been strongly related with AF in the general population (Sitges et al., 2007,
Tsang et al., 2001), increased physical activity was related to a lower rate of AF onset. our

findings in pre-menopausal female athletes might be in concordance with these previous

10
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epidemiological observations, withlarger atria in male athletes potentially favouring the
development of more AF ,. Nonetheless, the mechanism underlying AF development as a
clinical outcome deserves much more investigation and is out of the scope of the current

study.

Potential limitations

Despite the potential role of gender on the different extent of atrial remodelling in
athletes, other factors must be taken into account. For example, women typically engage in
endurance sport less frequently and at lower intensity. The absence of follow-up makes it
impossible to confirm whether the female athletes in our study will develop excessive AF in
the future or how their atrial function will evolve. This observational study was carried out in a
relatively small sample, limiting its statistical power and generalizability. However, we believe
that our findings are at least enough to generate hypothesis and support a potential different
adaptation in females as compared to male athletes. More studies comparing larger
populations of female and male athletes with similar training loads are needed to confirm the
present findings. Nonetheless, and considering the sparseness of available data regarding atrial
adaptation to chronic endurance training in female athletes, our findings are at least sufficient

to generate a hypothesis.

CONCLUSIONS

The atria of male and female athletes show specific remodelling, with larger size and
lower deformation values at rest, especially for the RA, compared to sedentary men and
women. The extent of the exercise-induced atrial remodelling was similar in both men and

women, but bi-atrial deformation was higher and RA size was smaller in female athletes.
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FIGURE LEGENDS

FIGURE 1. Left and right atrial strain-rate and indexed volume.
1A: Relation of LA indexed volume and LA contractile function, 1B: relation of LA

indexed volume and LA reservoir function, 1C: relation of RA indexed volume and

contractile function, 1D: relation of RA indexed volume and RA reservoir function.

LA: left atrium, LASR: left atrial strain-rate, RA: right atrium, RASR: right atrial

strain-rate.
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TABLE 1. Baseline population characteristics

Female Female Male Male

Control Athlete Control Athlete P value

(n=20) (n=19) (n=21) (n=22)
Age (years) 36.714.6 37.416.2 34.145.0 38.445.8 0.080
Endurance training 0 10.8+6.1 0 8.745.3 <0.0013°
duration (years)
Weight (kg) 58.2+7.3 55.6%5.2 77.2+12.5  70.5¢6.1  <0.001%¢
Height (cm) 164.8+6.1 163.4+6.1  175.2¢6.0  178.6%+5.5  <0.001%¢
BSA (m2) 1.63£0.10 1.60£0.10 1.9240.15 1.88+0.12 <0.001¢%¢
BMI (Kg/m2) 21.5+2.6 20.8+1.4 25.1+3.9 22.1+1.8 <0.001°¢
SBP (mmHg) 110.2#13.3  111.7+11.5  119.5¢6.7 123.6+10.5 <0.001%°
DBP (mmHg) 70.88.8 73.318.4 77.5%5.1 78.615.4 0.002¢
HR (bpm) 75.6+8.9 58.6%6.9 62.3+9.7 57.1+7.7  <0.001%P¢

BMI: body mass index; BSA: body surface area; DBP: diastolic blood pressure; HR: heart
rate; SBP: systolic blood pressure.

Statistically significant differences in Bonferroni post hoc analysis:
a Female control vs. female athlete

b Male control vs. male athlete

¢ Female control vs. male control

d Female athlete vs. male athlete

19



—
SOOI N KW

11
12
13

TABLE 2. Ventricular echocardiographic parameters

Female Female Male Male

control athlete control athlete P value

(n=20) (n=19) (n=21) (n=22)
LV DD (mm) 42.88+3.29 45.89+4.01 49.98+4.92 50.82+4.75 <0.001%¢
Septalthickness 7.25+0.41 7.53+0.47 8.98+1.05 9.18+1.50 <0.001¢¢
(mm)
Posterior wall 7.41+0.38 7.62+0.46 8.59+0.92 8.91+1.15 <0.001%¢
thickness (mm)
LVEDV (ml/m?) 45.19+6.72 62.39+8.53 47.67+6.80 62.87+12.12  <0.001*"
LVESV (ml/m?) 19.06+4.86 27.98+5.08 19.38+4.90 24.60+5.26 <0.001>°
RVEDA (cm/m?) 8.1+1.6 10.5+1.5 11.1+2.4 14.1+2.0  <0.001>P<d
RVFAC (%) 47.89+5.09 49.,58+6.09 49.33+5.12 47.32+5.83 0.597
LVEF (%) 58.37+5.58 55.21+4.35 59.38+8.27 60.73+5.52 0.052°¢
Mitral E wave 0.83+0.12 0.88+0.11 0.75+0.10 0.78+0.09 0.001¢¢
(m/s)
Mitral A wave 0.55+0.10 0.49+0.09 0.49+0.08 0.40+0.09  <0.001°¢¢
(m/s)
Mitral E/A ratio 1.58+0.35 1.97+0.31 1.56+0.32 1.82+0.39 0.0012b

LVDD: left ventricular end-diastolic diameter; LVDV: left ventricular end-diastolic volume
(indexed); LVEF: left ventricular ejection fraction; RVEDA: right ventricle end-diastolic area.

RVFAC: right ventricle fractional area change.

Statistically significant differences in Bonferroni post hoc analysis:
a Female control vs. female athlete

b Male control vs. male athlete

¢ Female control vs. male control

d Female athlete vs. male athlete
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TABLE 3. Atrial echocardiographic parameters

Female control Female athlete Male control Male athlete P value
(n=20) (n=19) (n=21) (n=22)

LAD (mm) 28.01+2.65 29.45+2.38 29.7314.92 28.10+4.99 0.146
LAEF (%) 45.56+17.76 49.56+14.68 55.20+12.09 57.82+10.78 0.031
LAV (ml/m?) 15.80+4.48 27.0616.16 18.65+5.05 24.9916.69 <0.001%*
LAS (%) 35.37+£9.58 35.99+6.60 31.7248.15 24.57+7.08 <0.001°¢
LASRs (s?) 1.82+0.64 1.6510.42 1.41+0.28 1.12+0.44 <0.001¢
LASRa (s?) -2.1840.78 -1.60£0.47 -1.44+0.28 -1.21+0.39 <0.001%¢
LASRe (s?) -2.3240.68 -2.3710.68 -2.33+0.87 -1.71+0.48 0.008°<
RAEF (%) 36.12+15.22 32.72+17.73  36.124#15.22 31.15+10.37 0.080
RAV (ml/m?)  14.21+4.54 22.27+4.31 21.9247.48 30.80+11.02 <0.001*"¢¢
RAS (%) 48.81+8.86 42.80+7.78 30.6319.51 28.45+6.09 <0.001¢¢
RASRs (s™) 2.37+0.47 1.98+0.35 1.54+0.37 1.39+0.34 <0.001%<¢
RASRa (s™) -2.3810.52 -1.89+0.39 -1.60+0.45 -1.44+0.42  <0.001*¢¢
RASRe (s) -2.11+0.54 -1.4310.62 -1.36+0.39 -1.26+0.36 <0.001%¢

LAD: left atrial anteroposterior diameter; LAEF: left atrial ejection fraction; LAS: left atrial strain;
LASR: left atrial strain-rate; LAV: left atrial volume; RAEF: right atrial ejection fraction; RAS: right atrial
strain; RASR: right atrial strain-rate; RAV: right atrial volume.

Statistically significant differences in Bonferroni post hoc analysis:
a Female control vs. female athlete
b Male control vs. male athlete

¢ Female control vs. male control

d Female athlete vs. male athlete
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